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Observations  on  the  Geology  of  the  Line  of  the  Canadian  Pacific 
Railway,     By  J.  W.  Dawson,  LL.l).,  F.U.S.,  F.G.S.,  &c. 

Having  had  an  opportunity  last  summer  of  i)assin{»  over  the  line  of 
this  railway,  and  of  cxamii'iiiig  some  of  the  sections  exposed  on  the 
road  and  in  its  vicinity,  it  may  be  useful  to  note  the  facts  observed. 
All  of  the  country  on  both  sides  of  the  line  has  been  more  or  less 
explored  by  the  officers  cf  the  Geological  .Survey,  more  especially  by 
Dr.  Selwyn,  Dr.  G.  M.  Dawson,  and  Dr.  K.  Bell;  and  without 
repeating  what  they  have  published,  I  shall  confine  my  remarks 
chiefly  to  facts  discovered  or  brought  into  grea'er  prominence  in  the 
construction  of  the  road. 

Between  Ottawa  and  Port  Arthur  the  road  was  only  partially 
opened  last  summer,  though  it  had  penetrated  into  the  region  of 
typical  Huronian  rocks  north  of  Georgian  Bay.  Next  summer  it 
will  be  opened  throughout,  or  at  least  to  Algoma  Mills,  whence 
steamers  will  run  on  Lake  Superior  to  Port  Arthur.  This 
section  of  the  road  will  be  of  great  geological  interest,  as  it 
abounds  in  cuttings  through  Laurentian  and  Huronian  rocks,  and 
will  also  expose  the  Kewenian  or  Upper  Copper-bearing  series  and 
other  formations  which,  though  newer  than  the  Huronian,  are 
believed  to  be  Pre  Cambrian.  Last  summer,  travellers  were  con- 
veyed by  steamer  from  Collingwood  to  Port  Arthur,  through  Lakes 
Huron  and  Superior,  and  it  was  at  Port  Arthur  that  their  geo- 
logical experiences  began. 

Port  Arthur  is  at  the  head  of  Thunder  Bay,  and  opposite  it  are 
the  grand  trappean  masses  of  Thunder  Cape  and  of  the  islands  in 
front  of  it — masses  which  are  associated  with  the  Kewenian  series. 

Near  the  town  of  Port  Arthur  the  rocks  exposed  are  dark- 
coloured  quartzites  ani  quartzose  slates,  having  occasional  veins  of 
white  quartz  and  of  amethyst.  These  beds  are  believed  to  underlie 
the  Kewenian  series,  but  to  be  newer  than  the  true  Huronian  *. 
Their  surfaces  show  a  few  peculiar  markings,  which  may  be  of 
organic  origin,  but  are  not  determinable. 

From  Port  Arthur  to  Rat  Portage  the  country  is  at  first  low, 
with  many  swamps  and  ponds ;  but  occasional  rock-cuttings  show 
different  varieties  of  Laurentian  gneiss  and  bands  of  greenish  schis- 
tose beds,  probably  Huronian.  In  the  latter  occur  the  veins  now 
being  worked  for  gold  in  this  vicinity.  I  did  not  visit  any  of  the 
mines  ;  but  I  saw  specimens,  more  especially  from  the  "  Huronian 
Mine,"  about  70  miles  from  Port  Arthur.  They  consisted  of  white 
quartz  holding  visible  gold  and  sylvarite  in  a  rock  which  appeared 
to  be  chloritic  slate.  Several  of  these  veins  are  now  being  worked 
on  the  shore  of  the  Lake  of  the  Woods,  and  are  very  accessible  from 
Rat  Portage.     In  approaching  the  place  last  named,  fine  sections 
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are  seen  of  grey  Laurentian  gneiss  with  red  felspathic  veins,  and  at 
Rat  Portage  itself  is  a  faulted  junction  of  tho  Huronian  and  Lau- 
rentian, described  by  Dr.  G.  M.  Dawson,  in  his  Report  on  tho  49th 
Parallel,  and  to  which  tho  Falls  of  the  Winnipeg  river  at  that  place 
are  due. 

It  has  been  remarked  by  previous  observers  that  tho  Huronian 
of  this  district  is  somewhat  different  in  mineral  character  from  thai 
of  the  typical  district  of  Georgian  Ray,  and  that  it  presents  a  more 
highly  crystalline  aspect  and  an  appearance  of  conform  ability  with 
tho  Laurentian.  These  characters,  which  are  very  manifest  in  some 
of  the  railway-cuttings,  suggest  the  possibility  tliat  it  may  be  a  lower 
member  of  the  Huronian,  partly  filling  the  gap  indicated  by  the  great 
uticonform ability  of  the  Laurentian  and  Huronian  on  Lake  Huron 
itself.  Neither  of  these  series  has  yet  been  brought  into  any  direct 
stratigraphical  connexion  with  the  Norian  or  Upper  Laurentian 
formation  of  Eastern  Canada. 

It  may  be  well  to  remark  here,  in  connexion  with  this  western 
extension  of  the  old  crystalline  rocks  of  Canada,  on  the  uniformity 
of  mineral  character  which  they  present  over  40  degrees  of  longi- 
tude, from  Labrador  to  the  Winnipeg  river,  and  after  a  space  of  27 
degrees  further,  in  tho  mountains  of  Rritish  Columbia.  Their 
similarity  to  the  older  Eozoic  rocks  of  Rrazil,  Scotland,  Scandi- 
navia, and  Southern  and  Eastern  Europe,  is  equally  well  marked ; 
and  I  have  the  pleasure  of  placing  this  evening  on  the  table  a 
collection  of  similar  rocks  from  the  neighbourhood  of  the  first 
cataract  of  the  Nile,  so  similar  to  the  Laurentian  of  Canada  that 
any  geologist  familiar  with  these  rocks,  and  placed  he^'oro  the  sec- 
tions of  gneiss  and  micaceous  and  hornblende  schist,  traversed  by 
veins  of  granite  and  syenite,  which  are  exposed  in  the  vicinity  of 
Assouan,  might  be  excused  for  imagining  that  he  was  examining 
one  of  the  cuttings  on  the  Canadian  Pacific,  xit  Assouan  there  is 
also  an  overlying  unconformable  series,  consisting  apparently  largely 
of  igneous  products,  and  which  may  represent  the  Huronian  of 
Canada.  These  rocks,  with  my  notes  of  the  sections  of  the  Egyptian 
Laurentian,  I  propose  to  leave  in  the  hands  of  Prof.  Ronney,  who 
has  kindly  consented  to  report  on  them  to  the  Society  at  a  future 
time  *. 

Reyond  Telford  Station  the  old  rocks  disappear  and  are  succeeded 
by  muskeg  or  swamp  country,  which  here  forms  the  border  of  the 
Great  Red  River  plain.  This  vast  swamp,  20  miles  in  width,  and 
extending  north  and  south  for  a  great  distance,  with  a  depth  of 
peaty  matter  stated  at  nine  feet,  affords  a  modorn  illustration  of  the 
formation  of  the  beds  of  brown  coal  which  occur  in  the  Laramie  and 
Cretaceous  further  west ;  and  in  the  somewhat  monotonous  character 

*  In  the  Collection  of  the  society  there  is  a  suite  of  specimens  from  Assouan, 
presented  by  Mr.  Hawkshaw,  in  which  there  are  specimens  from  both  of  the 
crystalline  formutioiis  above  mentioned ;  but  he  does  not  seem  to  have  distin- 
guished between  these  in  his  published  paper,  which  is  so  valuable  aa  a 
description  of  this  interesting  locality.  See  Quart.  Journ.  Geol.  Soc.  vol.  xxiii. 
1867. 
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of  its  vegetation  and  the  absence  of  largo  trees,  illustrates  also  the 
paucity  of  vegetable  fossils  by  which  these  beds  are  sometimes  cha- 
racterized. 

In  the  region  above  referred  to,  glacial  striae  are  often  obser\'ed 
upon  the  hard  rocks  uncovered  in  railway  excavations ;  and  there 
are  glacial  deposits  of  two  kinds,  though  they  are  not  very  con- 
tinuous or  of  great  depth,  the  indications  being  that  the  region  was, 
in  the  I'leistoceno  period,  an  area  rather  of  denudation  than  of 
deposition.  One  marked  variety  found  l)etwecn  the  ridges  of  crys- 
talline rock  is  a  stratified  red  clay  sometimes  with  greenish  bands. 
This  kind  of  deposit,  which  abounds  in  the  drift  area  of  Southern 
Manitoba  and  Minnesota,  has  been  attributed  to  the  waste  and 
driftage  westward  of  the  red  clays  and  sandstones  of  tlie  Kcweniau 
formation  of  Lake  Superior.  It  is  not  usually  a  Boulder-clay,  but 
where  it  approaches  rocky  ridges,  is  scon  to  overlie  or  pass  into  clay 
with  numerous  local  boulders.  Boulders  are  often  to  be  seen  heaped 
in  great  numbers  against  the  sides  of  steep  rocky  ridges.  Not  far 
from  Bat  Portage,  a  conspicuous  instance  is  afforded  by  a  steep 
escarpment  of  hornblendic  rock,  which  is  seen  to  be  furrowed  in  a  deep 
and  fantastic  manner  by  ice-action,  while  its  base  is  i)iled  with  largt* 
masses  of  Laurentian  rock.  In  many  places  also  gravel  bods  and 
ridges  containing  boulders  appear,  as  a  more  recent  deposit  than  the 
red  clay,  in  the  same  manner  as  we  find  in  Eastern  Canada  and 
also  westward  on  the  plains. 

An  interesting  feature  of  these  clays  in  their  extension  into 
Minnesota  is  the  presence  in  them  of  Foraminifera  of  several  species 
to  which  attention  has  been  directed  by  Mr.  B.  W.  Thomas,  of 
Chicago,  who  has  kindly  sent  me  mounted  specimens  of  these  organ- 
isms. They  belong  to  the  genera  Textnlaria,  liotalia,  and  Olo- 
bif/erina ;  but  are  not  properly  fossils  of  the  Boulder-clay  itself, 
being  in  all  likelihood  derived  from  the  Cretaceous  marls  o£  the  west, 
which  abound  in  such  organisms.  Indirectly,  however,  they  consti- 
tute an  evidence  of  the  aqueous  origin  of  the  clays,  as  they  imply 
much  disintegration  of  the  marls  and  the  driftage  of  their  materials 
to  great  distances. 

At  Stony  Mountain  and  Selkirk,  on  the  borders  of  the  Red  River 
plain,  are  cream-coloured  Silurian  limestones  now  extensively  quar- 
ried, and  affording  a  beautiful  building-siione.  They  are  rich  in 
marine  fossils,  of  which  considerable  collections  have  been  made  by 
a  local  geologist,  Mr.  J.  H.  Panton.  From  these  it  would  appear 
that  within  a  very  moderate  thickness  of  beds  there  occur  fossils 
ranging  from  the  Trenton  to  the  Niagara  age,  thus  presenting  an 
instance  of  a  long  lapse  of  time  marked  by  a  very  small  amount  of 
deposit,  similar  to  that  which  occurs  in  some  other  western  localities. 
The  precise  stratigraphical  subdivisions  of  these  fossils,  if  such 
exist,  remain  to  be  worked  out.  I  may  here  remark  that  while  the 
outcrops  of  these  limestones  are  at  present  of  comparatively  small 
extent,  the  immense  number  of  boulders  scattered  westward  on  the 
plains  to  the  base  of  the  Rocky  Mountains,  more  than  800  miles 
distant,  shows  that  thoy  must,  before  the  glacial  period,  have  occu- 
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pied  a  large  nroa  and  probably  overlapped  large  portions  of  the 
Huroniun  and  Laurentian  series. 

In  ai)proaching  the  Jied  River  at  Winnipeg,  wo  pass  over  the 
Ofistern  half  of  the  j-reat  lacustrine  deposit  of  the  K(!d-Hiver  valley, 
extending,  with  a  width  of  ul)out40  miles  along  that  river,  from  the 
north  to  the  south  of  the  i)rovince  of  Manitoba,  and  constituting 
with  its  extension  southward  into  tlie  United  States,  what  some  of 
the  gi'ologists  of  that  country  have  somewhat  fancifully  named  the 
basin  of  the  extinct  "  Lake  Agassiz."  It  presents  a  flat  surface  of 
Iho  most  typical  prairie  land,  and  consists  of  the  finest  possible  silt 
with  a  covering  of  black  vegetable  soil.  Very  few  boulders  or 
stones  ai)pear  on  its  surface,  or  in  the  cuttiugs  made  in  it  for  drain- 
age ;  and  the  former  are  of  small  size,  and  may  be  accounted  for  by 
lacustrine  ice-drift  under  climatal  conditions  similar  to  those  now 
existijig. 

West  of  the  lled-Rivcr  valley  we  enter  on  the  higher  prairie 
lands,  extending  westward  about  700  miles  to  the  foot  of  the 
Itocky  Moantains.  From  the  Ived-liiver  prairie,  which  is  about 
800  feet  above  the  level  of  the  sea,  they  rise  by  two  principal  steps 
or  escarpments,  and  intervening  gradual  slopes,  to  tlie  higher  plains 
at  the  base  of  the  mountains,  which  in  some  places  are  4200  feet 
above  the  level  of  the  sea.  The  physical  features  of  this  region  have 
been  fully  described  by  Dr.  (i.  M.  Dawson,  in  his  paper  on  tho 
"  Superficial  Geology  of  tho  Central  llegion  of  North  America,"  in 
the  Journal  of  this  Society  for  November  1875,  where  also  will  be 
found  reference  to  the  work  of  earlier  explorers  in  this  field.  I  may 
add  that  the  facts  stated  in  that  paper  afford,  in  my  judgment,  the 
best  existing  key  to  the  solution  of  the  difficult  questions  of  glacial 
geology  in  North  America ;  and  that,  when  a])plied  to  the  regions 
south  and  east  of  the  districts  described,  they  are  sufficient  to  enable 
any  geologist  to  perceive  the  fallacy  of  the  theories  of  continental 
laud-ice  applied  by  extreme  glacialists  to  explain  the  drift  pheno- 
mena of  the  middle  and  western  parts  of  the  United  States. 

With  the  exception  of  a  small  area  of  Miocene  Tertiary  recently 
discovered*,  the  whole  of  this  region  is  underlain  by  Cretaceous 
clays,  sandstones  and  limestones,  and  by  the  shales  and  sandstones 
of  Laramie  or  Lignitic  Tertiary  group,  by  some  geologists  regarded 
as  late  Cretaceous,  by  others  as  early  Eocene  (see  Section,  fig.  2, 
p.  1382) ;  but  which  the  writer  and  other  Canadian  geologists  have 
been  disposed  to  regard  as  in  great  part  a  transition  series,  connect- 
ing the  newer  Cretaceous  with  the  Eocene.  Out  of  these  formations 
the  two  prairie  escarpments  have  been  cut  by  water,  the  higher  in  a 
period  of  ])artial  submergence  before  the  glacial  period,  the  lower  at  a 
later  date  by  tho  waters  of  the  extinct  lake  of  the  lled-ltiver  valley. 

The  latest  results  as  to  the  stratigraphical  arrangement  and 
relations  of  these  deposits  are  stated  in  the  following  table,  abridged, 
and  slightly  modified  from  the  Reports  of  Dr.  G.  M.  Dawson  in  the 

*  At  the  Cypress  Hills,  Mr.  R.  G.  McConnell,  of  the  Canadian  Survey,  is  stated 
1o  have  toiind  beds  holding  rpii\aiii8  of  Bronfofhcriiin^,  the  first  discovery  of  this 
kind  hitherto  recordcfl  witliin  the  limits  of  Canada. 
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^  In  these,  detailt  -At  the  base  of  the  section  (fig.  1),  near  tlie  level  of  the  river,  the 
3  uirferont  niomberllalos  hold  calcareous  concretionary  bauds,  with  bivalve  shells  charac 
>  however,  that  igristic  here  of  the  Cretaceous  beds*,  which  are  the  only  marine  fossils 
I  01  the  bods,  auttton  in  the  section.  About  90  feet  from  the  base  of  the  section  is  a 
l-iP  ^^^^urreijce  olipdof  coal  3  feet  thick,  and  covered  with  a  shale  roof  or  parting  of  2 
Iiiioreut  horizonsC(Bct  G  inches,  above  which  is  another  coal,  4  feet  thick,  with  a  shalo 
roof.  For  about  .50  feet  above  this  the  cliff  is  occupied  with  shales, 
kioldiug  several  thin  coals ;  and  on  this  rests  another  bed  of  coal  3 
feet  10  inches  thick  with  roof  of  shale  3  feet  thick,  and  over  this  a 
small  coal  10  inches  thick.  Above  this  shales  again  occur,  and  near 
the  top  a  bed  of  ferruginous  and  pebbly  sandstone  very  unequal  in 
hardness  and  texture.  In  this  Mr.  Molyneux.  an  engineer  in  charge 
of  the  works,  had  found  some  large  bones,  and  on  further  excavation 
we  obtained  considerable  portions  of  the  skeleton  of  a  large  Dinosaur 
believed  to  belong  to  the  genus  Diclonius  of  Cope,  scattered  teeth  of 
which  occur  in  the  same  bed. 


^'/itipulents. 


e.s(  Creuieo(ji(H 


[t)anicn). 


wnivn). 


'o  difficulties 
<-'nce  to  some 

3  Hat,  where 
re  the  rivej- 
»ch  ill  some 
'ws,  and  in 
masses  of 
spontaneous 


ank  of  the 

>pcned,  the 

indurated 

«f  lign  itie 

'■  layers  of 

Itl  ix'bblos 


Fig.  1. — Sediun  on  South  SaslcatcJiewan  river,  near  Medicine  lint. 
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River, 

The  less  pure  coals  in  this  section  are  brown  coals,  composed  of 
leaves  and  vegetable  debris  compacted  together.  The  better  coals, 
iticluding  the  thicker  beds  above  referred  to,  are  a]»parcntly  comiiosed 

»  OMrea  gJahra.  Auomin  mcrniieiiia,  Corhu/a  mhfririi>mlu\  C.  prrundafa,  nre 
(•hnriictcristic,  accordiiip  to  Dr.  O.  M.  Daweon.  Tliero  in  also  a  Bpecio,s  of 
(ioniohasis. 
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of  them  Btippoaed  to  ovcrlio  those  seen  at  Medicine  Hat,  occur  at 
Maple  Island,  lUackfoot  Crossing,  and  olsewhoro. 
•  Near  Calgary,  however,  on  the  How  riv(>r,  a  formation  occurs 
which  difl'ors  from  those  previously  seen,  and  probably  belongs  to 
the  ujqior  part  of  the  Laramie  groii]).  Its  most  consjncuous  feature 
is  a  bed  of  whitish  sandstone,  about  20  feet  in  thickness,  and 
presenting  all  the  appearance  of  a  coal-formation  sandstone.  Some 
of  its  layers  abound  in  well-preserved  leaves  of  Dicotyledonous  trees 
of  numerous  species  and,  so  far  as  appears  from  a  cursory  examina- 
tion, similar  to  those  described  by  the  writer  from  the  sandstones 
of  the  liignitic  group  near  tho  Souris  river  *.  In  state  of  preserva- 
tion and  in  some  f  their  generic  forms,  these  leaves  nmch  resemble 
those  of  tho  Swiss  Molaaso ;  and  no  doubt  the  Calgary  sandstone  is 
an  Eocene  Molasso,  related  in  mode  of  deposition  to  the  llocky  Moun- 
tains as  tho  [Molasso  is  to  the  old  rocks  of  tho  Al])s.  This  sandstone 
is  underlain  and  ovcrlaiu  by  beds  of  grey,  ferruginous,  and  black 
shales,  in  which  are  calcareous  bands  holding  fossil  shells  of  the 
genera  Goniohasis  and  Corhula. 

West  of  Calgary,  as  tho  Cretaceous  and  Laramio  beds  enter  the 
Rooky  3i[ountains  and  approach  the  junction  with  the  rala)ozoic 
rocks,  tliey  become  much  folded  and  disturbed,  and  the  coals  con- 
tained in  them  become  harder  and  drier  in  quality,  in  some 
places  approaching  to  anthracites. 

Tho  development  of  the  Cretaceous  series  in  tho  region  under 
consideration  is,  in  tho  main,  similar  to  that  described  by  the  United 
States  geologists  as  occurring  in  tho  country  south  of  the  4!)th 
parallel ;  and  it  shows  the  wide  extent  of  plain  and  table  land 
between  tho  Laurentian  and  Palasozoic  region  on  the  east  and  tho 
llocky  Mountains  on  the  west  to  have  alternated  in  that  period 
between  conditions  of  shallow  water  and  of  vast  bogs  and  swamps. 
Such  conditions  were,  however,  more  prevalent  towards  the  south, 
where  this  ancient  Cretaceous  Mediterranean  communicated  with 
tho  ocean ;  and  toward  the  north,  in  the  vicinity  of  tho  I'eace 
river,  there  seems  to  have  been  a  barrier  of  land  or  shoals.  With 
the  exception  of  the  folds  impressed  on  their  western  edge  by  the 
elevation  of  the  llocky  Mountains,  these  beds  have  remained 
entirely  unchanged  and  undisturbed,  and  there  seems  to  have  been  a 
continuity  of  deposition  and  an  absence  of  unconformability  from  tho 
Cretaceous  into  the  Eocene  and  Miocene  periods,  though  sandstones 
and  conglomerates  at  several  horizons  indicate  some  considerable 
intensity  of  water-driftage.  It  would  seem  that  over  large  parts  of  the 
area  slight  elevations  and  subsidences  led  to  alternations  of  driftage  of 
clay  from  the  Arctic  regions,  or  the  accumulation  of  organic  lime- 
stone and  marl  in  warm  w^aters  sheltered  from  the  north,  with  sand- 
drift  in  shallow  water,  or  actual  land  and  swamp  surfaces  holding 
lakes  and  lagoons. 

With  reference  to  the  contrast  between  these  undisturbed 
Cretaceous  beds  and  those  of  some  other  countries,  we  need  not  go 

*  Reports  Canadian  Survey,  Memoir  on  Cretaceous  and  Tertiary  Planta, 
Trans.  R,  S.  of  Canada,  1883. ' 
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this  way,  but  must  mark  tho  margin  of  an  ancient  glacial  sea,  uffalo 
at  least  of  that  deeper  portion  of  such  sea  in  which  heavy  ice  coiileprcBS^ 
float,  while  in  its  ui)per  portion  it  shows  evidence  of  having  bee   That 
in  tho  later  periods  of  its  formiition,  an  actual  water-margin.  .bown 

Tho  railway,  taking  advantage  of  the  oblique  valley  of  Thundieprcssi 
Creek,  crosses  the  coteau  at  one  of  its  least-marked  portions,  hijtlbaq^^' 
where  it  still  presents  very  definite  and  striking  characters.     (J    l^ear 
entering  it,  the  railway  passes  for  nearly  30  miles  through  a  rolbf  abou 
ing  or  broken  country,  consisting  of  successive  ridges  and  mouncln  coul 
interspersed  with  swales  and  alkaline  ponds  without  outlet.    To  thiii?)i(itbe 
class  belongs   a   somewhat   extensive   series  of    lakes   known    a^e  cxc 
the  "  Old  Wives'  Lakes."     The  highest  point  of  the  coteau  on  thi  to  the  o| 
section  appears  to  bo  near  Secretau  Station.  Laur 

As  seen  in  the  road-cuttings,  the  basis  of  the  ridges  appears  t(  an  i"*^ 
consist  of  thick  beds  of  imperfectly  stratified  clay,  derived  from  tb(  Motinti 
disintegration  of  the  local  Cretaceous  beds,  but  with  many  Lauren-  touude 
tian  boulders.  In  one  place  tho  clay  was  observed  to  he  crumplet  valleys 
as  if  by  lateral  pressure.  Above  the  clay  are  stratified  gravels  in  tne 
also  with  large  boulders,  most  abundant  at  top.  Tho  ridges  are  ^^^J 
highest  and  most  distinct  at  the  eastern  or  lower  side,  and  gradual!}  fti^^  *^ 
diminish  towards  the  upper  or  western  margin,  where  they  termi-  elevatv 
nate  on  tho  broadly  rolling  surface  of  the  u])per  prairie. 

The  history  of  tho  coteau  would  seem  to  have  been  as  follows  : — 

1.  Tho  excavation  in  pre-glacial  times  of  an  edge  or  escarji- 
ment  in  the  gently  slgpiug  surface  of  tlie  Cretaceous  and  Laramie 
beds,  and  tho  cutting  by  subaerial  causes  of  coulees  and  valleys 
of  streams  in  this  escarpment. 

2.  Submergence  in  the  glacial  period,  in  such  a  manner  as  to 
permit  heavy  ice  loaded  with  Laurentian  debris  to  ground  on  the      depth 
edge  of  the  escarpment  and  deposit  its  burden  there,  while  at  tho      mapp 
period  of  greatest  submergence   deep  water  must   have  extended 
much  further  westward.     These  conditions  must  have  continued  for 
a  long  time  and  with  somewhat  variable  de])th  of  water. 

3.  lie-elevation,  during  which  gravel  ridges  were  formed,  until  at 
length  the  coteau  became  the  coast-line  of  a  shallow  sea,  which 
lingered  at  a  later  date  along  the  line  already  referred  to  in  advance 
of  the  coteau. 

4.  On  the  re- elevation  of  the  country,  tho  transverse  ravines  and 
valleys  were  so  effectually  dammed  up  by  the  glacial  ridge,  that  the 
surf  ace  waters  of  the  region,  now  comparatively  arid,  have  to  remain 
as  alkaline  lakes  and  ponds  behind  the  coteau. 

The  upper  prairie  plateau,  extending  from  the  coteau  to  the 
Rocky  Mountains,  has,  on  its  general  surface,  comparatively  few 
boulders  ;  yet  these  are  locally  numerous,  especially  on  the  eastern 
and  northern  sides  of  some  gentle  elevations  of  the  prairie.  They 
consist,  as  before,  of  Laurentian  gneiss,  Huronian  schists,  and  yellow 
Silurian  limestone,  all  derived  from  the  eastern  side  of  the  plains, 
some  of  the  boulders  of  Laurentian  gneiss  being  of  great  dimen- 
sions.    Some   of  these   have   been  ut^cd  in  modern  times  by  the 
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giacial  sea,  .ofFalo   as   rubbing-stones,  and   are   surrounded   by  basin-shaped 
eavy  ieo  coTil«ression3  formed  by  the  feet  of  tliose  animals  *. 
0    naving  bee:   That  strong  currents  of  water  have  traversed  this  upper  plain,  is 
-margin.  ,hown   not  only   by   the  occasional  ridges  of  gravel,   but  by  the 

I'.i^^'  '^^-'^'^unddepressions  known  as  "slues,"  which  must  have  been  excavated 
I  *"':  POf'tions,  hijubaqucous  currents. 

aracters.     (j    Near  Medicine  Hat  a  terrace  of  boulders  was  seen  at  an  elevation 

tlirough  a  rolbf  about  200  t'eot  above  the  river ;  and  in  sections  of  the  drift  observed 

gea  and  mouncia  coulees,  the  boulders  were  seen  to  be  arranged  in  layers  ;  but 

outlet.    To  thitllhethcr  these  appearances  hud  relation  to  fluviatilo  action,  before 

cs   Known    atJie  excavation  of  the  deep  valley  of  the  Saskatchewan,  or  belonged 

coteau  on  tlii  to  the  original  distribution  of  the  drift,  was  not  apparent. 

.,  Laurentian  boulders  were  seen  all  the  way  to  Calgary,  but  with 

^  oGs  appears  fr  an   increasing  proportion   of  quartzite   boulders   from  the   llocky 

'iived  from  the  Mountains  ;  and  on  the  banks  of  the  Bow  river  were  large  beds  of 

'  'Danj^  Lauren-  rounded  pebbles  which  must  have  been  swept  by  water  out  of  the 

o  ho  crumpJot  valleys  of  the  mountains,  and  are  quite  similar  to  those  now  observed 

•a  ified  gravels  in  the  bed  of  the  Bow  itself. 

io  ndgos  art  IJeyond  this.  Dr.  G.  M.  Dawson  has  recorded  Laurentian  boulders 
■*'  ^'^^  ff^adualjy  and  fragments  of  limestone  from  the  eastern  Palaeozoic  beds,  at 
ire  they  termi-  elevations  of  from  4200  to  4G00  feet,  at  the  foot  of  the  Kocky  Moim- 
^®*  tains,  evidencing  a  driftage  of  at  least  iSOO  miles,  and  an  elevation  con- 

as  loJIows  ; —    eiderably  above  that  of  the  sources  from  which  they  came.     He  well 
B^  or  escarj).    observes  that  any  thing  which  would  explain  the  origin  of  the  coteau 
s  and  Laramie     must  also  explain  the  transport  of  these  boulders  so  far  above  it  and 
and  Valleys     beyond  its  limits,  as  well  as  the  contemporaneous   distribution  of 
boulders  from  the  llocky  Mountains  to  the  eastward.    These  pheuo- 
manner  as  to      mena  are  explicable  on  the  hypothesis  of  a  glacial   sea  of  varying 
'■round  on  the      depth,  but  not  on  that  of  land  glaciation,  which   would  also   be 
inapplicable  in  a   region   necessarily  of  so  small   precipitation   of 
moisture  and  occupied  by  soft  deposits  so  little  suited  to  the  move- 
ment of  glaciers.     There  is  nevertheless  good  evidence  of  the  action 
of  glaciers  on  a  largo  scale  in  certain  portions  of  the  glacial  period 
both  on  the  Rocky  Mountains  and  on  the  Laurentian  hills  and 
table-lands  to  the  east. 

My  observations  of  1883  were  extended  only  as  far  as  the  railway- 
cuttings  then  in  progress  a  few  miles  west  of  Calgary  ;  but  the  road 
now  extends  120  miles  further  through  the  disturbed  and  folded 
])ortions  of  the  Laramie  and  Cretaceous,  and  the  portions  of  the  road 
to  be  opened  this  summer  in  the  mountains  may  be  expected  to 
afford  interesting  exposures  of  these,  as  well  as  of  the  Palajozoic 
rocks  which  constitute  the  nucleus  of  the  llocky-Mountain  chain. 
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*  The  buffalo  ia  now  extinct  on  these  plains ;  but  abundant  traces  of  its 
former  presence  exist  in  the  rubbing-stones,  wallows,  deeply-worn  paths,  and 
bleached  skeletons,  and  at  one  place  on  the  Bow  river  we  saw  a  large  deposit  of 
bones  covered  with  earth  washed  down  from  above,  and  apparently  indicative  of 
the  destruction  of  a  herd  from  some  natural  cause,  perhaps  unusual  cold  and 
heavy  snow.  The  latter,  when  followed  by  thaw  and  frost,  producing  a  hard  icy 
crust,  has  sometimes  proved  destructive  to  cattle  on  the  higher  plains. 
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Tho  Peesidfjjt  called  attention  to  the  numerous  important  sub- 
jects referred  to  in  this  paper,  and  expressed  his  conviction  of  the 
great  gratification  that  waa  felt  by  the  Fellows  of  the  Society  at 
having  Principal  Dawson  among  them  in  person. 

Mr.  Bauerman  said  he  had  no  knowledge  of  the  exact  line  of 
country  described  by  Principal  Dawson,  but  that  he  was  pretty  well 
acquainted  with  some  neighbouring  regions.  The  first  point  of 
importance  to  which  he  would  advert  was  the  occurrence  of  Upper 
Laurentian  in  the  country  west  of  Lake  Superior.  As  that  forma- 
tion is  represented  on  tho  Labrador  by  a  form  of  gn  eissic  rock 
almost  entirely  composed  of  labrudorite,  the  discovery  further  west 
of  a  series  stratigraphically  equivalent,  but  lithologically  different, 
was  a  matter  of  great  interest.  He  next  referred  to  tlic  Laramie 
group,  and  remarked  upon  the*  great  lignitic  series  which  occurs 
similarly  on  other  lines  of  railway  crossing  North  America  further 
to  the  south.  All  these  rocks  contain  carbonaceous  beds  different 
from  the  usual  Tertiary  browu  coals  of  Europe,  some  being  bitu- 
minous, like  those  of  certain  parts  of  Austria.  Near  the  head  of 
the  Colorado  river,  some  1000  miles  south  of  the  district  described 
in  the  paper,  there  was  good  coking  coal,  and  close  by  good  anthra- 
cite also  occurred  in  these  same  Cretaceous  beds.  He  said  that  the 
Rocky  Mountains,  in  this  section,  as  seen  by  him,  wanted  the 
Laurentian  axis  which  was  met  with  further  south.  In  conclusion 
he  observed  that  the  westerly  carriage  of  glacial  drifts,  and  tho 
jMJCuliar  erosion  of  the  surface  of  this  flat  country  around  the  Great 
Lakes  were  very  remarkable  phenomena. 

Mr.  Topley  inquired,  with  regard  to  tho  distribution  of  the 
anthracite,  whether  it  was  always  found  in  connexion  with  dis- 
turbed beds. 

Principal  Dawson  in  reply  thanked  Mr.  Bauerman  for  the  addi- 
tional illustrations  which  he  had  given  from  the  country  to  the 
south  of  the  Canadian  boundary.  In  answer  to  Mr.  Topley 's  ques- 
tion, he  stated  that  in  the  undisturbed  portions  of  the  Cretaceous 
and  Laramie,  the  coals  are  of  various  qualities,  the  difference  de- 
pending partly  on  the  material  of  which  they  are  composed,  whether 
wood  of  trees,  or  debris  of  foliage,  &c.,  and  partly  on  diversity  of 
age ;  but  the  anthracitic  coals  are  limited  to  the  districts  in  which 
the  beds  are  disturbed,  and  the  same  remark  applies  to  the  Creta- 
ceous anthracite  of  the  Queen  Charlotte  Islands  on  the  west  coast, 
as  compared  with  tho  bituminous  coal  of  Vancouver  Island.  He 
hoped  that  many  Members  of  the  Geological  Society  would  bo  in 
Montreal  in  August,  to  take  part  in  the  British  Association  excur- 
'-^us  over  the  western  districts  which  ho  had  described. 
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